Effects of hyperthermia and cepharanthin on adriamycin accumulation with changes in extracellular pH.
We compared adriamycin (ADR) accumulation with the intensity of intracellular fluorescence of 3,3'-(di-n-hexyl)-2,2'-oxacarbocyanine iodide (NK-2280), an indicator of cell membrane potential, after hyperthermia and examined the effects of cepharanthin (CEP) on the accumulation of ADR and NK-2280 in wild and ADR-resistant strains of Ehrlich ascites tumour (EAT) cells. Among wild 0.2 and 1-microgram ADR-resistant strains of EAT cells, intracellular accumulation of both ADR and NK-2280 decreased with an increase of ADR resistance. Hyperthermia at 42 degrees C and CEP induced a marked increase in accumulation of both ADR and NK-2280 in the ADR-resistant strains of EAT cells. The increase in ADR accumulation by hyperthermia and CEP is possibly due to an increase in the cell membrane potential and the inhibition of ADR efflux by CEP respectively. In the wild strain of EAT cells, we also evaluated the effect of extracellular pH change on ADR accumulation and the cell membrane potential and their alteration by hyperthermia and CEP. ADR accumulation decreased as pH decreased, but the cell membrane potential was not appreciably affected by pH change so far examined. Hyperthermia alone or combined with CEP significantly increased ADR accumulation in a pH range from 6.2 to 7.6. Hyperthermia increased the accumulation of ADR in the tumour cells, although its pH dependency was not completely resolved. CEP enhanced ADR accumulation more markedly in ADR-resistant cells than in wild-type cells. Therefore, the combination of hyperthermia and CEP may be very effective to increase the ADR cytotoxicity to ADR-resistant tumours.